Abstract:
I. Introduction
In principle, countries richly endowed with natural resources, may it be fertile soils or mineral resources, should be able to prosper and overcome poverty faster than resource-poor countries. Yet, the experience of many resource-rich countries illustrates that this is not necessarily the case. Often, resource-rich countries go through boom and bust cycles that finally leave them poorer than resource-poor countries with similar initial conditions. Through a number of different channels resource wealth may negatively affect economic development.
1 In many instances, tradable sectors become uncompetitive and shrink excessively because export revenues are consumed quickly rather than invested. This can be particularly harmful for economic development, as these sectors, especially manufacturing, are believed to exhibit important positive externalities, whereas resource sectors are often said to have an enclave character with few spillovers to the rest of the economy. In addition to hampering economic development, wealth and income in resource-dependent economies tend to be distributed very unequally, as resource rents typically benefit a small privileged group.
As a more unequal distribution of income results in a lower rate of poverty reduction for a given growth rate, it is therefore unlikely that resource-rich countries achieve pro-poor growth, i.e. a growth pattern from which the poor benefit disproportionately, without deliberate interventions in favour of the poor.
There is an extensive empirical literature on the "resource curse" and the channels through which it operates. Starting with Sachs and Warner (1997) , many authors have confirmed that resource-rich countries actually grow more slowly than resource-poor countries using crosscountry growth regressions. Yet, the impact of resource booms (and busts) on economic development and poverty as well as the transmission channels depend on both country and resource characteristics. Therefore, quite some country case studies have been undertaken, which have sharpened our understanding of how the resource curse works. Some of these studies, for example the collection in Auty (2001) , have focused on the impact of resource wealth on long-term development, whereas other studies have rather looked at the short to medium run economic impact of a resource boom or bust. The studies in Gelb et al. (1988) examine the economic impact of the oil windfalls in the late 1970s on a number of oilexporting developing economies. These case studies focus on relative price effects, related sectoral shifts, in particular the performance of agriculture, and the fiscal response, especially public investment programs. The case studies included in Collier and Gunning (1998a and 1 See Auty (2001) and Lay and Mahmoud (2004) for surveys of the literature on the resource curse.
1998b) centre on the savings response of public and private agents when faced with trade shocks.
The present paper examines one particular resource shock, namely the gas boom Bolivia experienced in the late 1990s and early 2000s. Following the studies in Gelb et al. (1988) , we analyse the sectoral shifts and the fiscal response to the gas shock in the short to medium run.
In contrast to these studies, our focus is on the poverty and distributional effects of the shock.
We consider some of our findings to be of relevance to poor resource-rich countries with similar structural characteristics. The central question is whether the gas boom really bypasses large parts of the (poor) population in Bolivia, thereby leading to increasing inequalities in an already very unequal society. We examine the transmission channels through which the large resource inflows related to the gas boom, both initial foreign investment in the sector and the subsequent export earnings, as well as large public transfer programs (that may well be interpreted as a means of redistributing resource rents) affect the distribution of income. In doing so, we focus on general equilibrium effects and the corresponding labour market impacts, in particular on shifts in formal vs. informal employment and changes in relative factor prices. These transmission channels seem to be particularly relevant, as direct employment effects of the resource boom are virtually absent.
To address these issues adequately, we propose a modelling framework that captures the structural features of the Bolivian economy and allows us to trace the poverty and distributional implications of the resource-boom-induced changes on the labour market. The framework therefore consists of a multi-sectoral computable general equilibrium (CGE) model that is combined with a microsimulation model. The CGE model allows us to construct counterfactual scenarios to disentangle the effects of the gas boom from other shocks that the Bolivian economy experienced at the same time and to trace the transmission channels at work at the macroeconomic level. Changes in important factor market aggregates from the CGE model, more specifically changes in relative factor prices and in the workforce composition in terms of formal and informal sector employment, are then passed on to a microsimulation model. The microsimulation model is based on an income generation model estimated on household survey data and produces a counterfactual income distribution given the CGE model results.
The remainder of the paper is structured as follows. The first part provides an overview of the scope and scale of the gas boom that began to shape the Bolivian economy in the late 1990s
and a first broad assessment of its macroeconomic impact. It also motivates the counterfactual simulations of the second part. There, we first describe our methodological framework and then present our results. The final section concludes.
II. The Gas Boom and other Resource Shocks
We consider Bolivia a particularly interesting case for the following reasons. It is the poorest country of South America with a long history of resource-induced booms and busts, and quite some observers have argued that the country's resource wealth is the root cause of its poverty (e.g. Auty and Evia 2001) . The structural reforms of the 1980s and 1990s have been associated with some growth, but that growth has not done the job of lifting large parts of the population out of poverty in an economy with a highly unequal distribution of income, although poverty has been reduced somewhat in the course of the 1990s.
Bolivia's economy has always been and still is highly dependent on natural resources. In the 1990s, hydrocarbons and minerals have typically accounted for roughly 50 percent of exports and the hydrocarbons sector contributes significantly to public revenues. In the second half of the 1990s, huge investments have been undertaken in the gas sector to explore and exploit Bolivia's vast gas reserves. Recent reserve additions have turned Bolivia into the second largest gas reserve holder in Latin America only after Venezuela. A new gas pipeline to Brazil went into operation in 1999 through which the bulk of Bolivia's gas exports run today, and gas exports are expected to increase further in the following years.
The gas shock can be split into three important components: first, the huge investment into the gas sector between 1997 and 2003, most of which was foreign direct investment; second, the gas exports through a new pipeline to Brazil, which went into operation in 1999; and third, the government take of the gas rents. Figure 1 illustrates the magnitude of these components as a share of GDP in the 1990s. Investments in the gas sector reached about 10 percent of GDP in the peak years 1998 and 1999. Unfortunately, more recent figures beyond 2001 are not available. Figure 1 also shows the phasing out of gas exports to Argentina in the course of the 1990s and the gas exports to Brazil, which started in 1999. By 2003, gas exports to Brazil accounted for almost 8 percent of GDP, as they had reached the contracted volume, which under the current contract is going to be roughly constant until 2019. In addition, gas exports to Argentina are likely to rise again, as new contracts were signed in 2005. Exports will thus mainly fluctuate due to fluctuations in gas prices, which are linked to a basket of international energy prices. 2 Numbers on the government take from the gas sector are difficult to obtain.
Here, we draw on a study by the Energy Sector Management Assistance Programme (ESMAP) (2002) of UNDP and World Bank, which places the government take in 2001 at more than 4 percent of GDP. According to the Ley de Hidrocarburos from 1996, the government take comprises royalties, a profit tax and a tax on remittances abroad, which is why the government take cannot be easily calculated from publicly available budgetary publications. 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 ( p )
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Upstream government take from the gas sector Note: Data on GDP, exports, and investment in gas exploration and exploitation from INE. Upstream government take from the gas sector is from a study of the joint UNDP/World Bank Energy Sector Management Assistance Programme (ESMAP) (2002) . The government take includes royalties, patents, and taxes on profits. Values for 2003 are preliminary.
Source: Authors' calculations.
The gas boom was arguably the biggest but not the only significant external shock. The Bolivian economy was hit by an adverse terms of trade shock in the late 1990s, which comprised falling prices for exports of the four major metals zinc, gold, tin and silver. These shocks together with a further expansion of soybean production in the Bolivian lowlands had a major impact on the composition of Bolivian exports in the second half of the 1990s and the 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 ( p ) The resource shocks were associated with substantial macroeconomic adjustments. Figure 3 shows the real effective exchange rate and some major balance-of-payments items for the 1990s and the early 2000s. After a real depreciation in the early 1990s, Bolivia experienced a strong appreciation following the inflow of foreign direct investment that was mainly directed at the gas sector. There are thus clear signs of Dutch disease effects in the second half of the 1990s, which appear to dominate the impact of the negative commodity price shock. The current account deteriorated until 1999, imports increased and exports fell. Only after 2000, exports started to recover, led by rising gas deliveries to Brazil. The dramatic decrease in exports in the second half of the 1990s can of course not entirely be attributed to the export sectors loosing competitiveness because of real exchange rate appreciation. Another important factor were the commodity price shocks for Bolivia's major exported metals. In addition, the Brazilian crisis from 1999 negatively affected Bolivia's export demand, all the more so as the trigger of the crisis was a massive devaluation of the Brazilian Real. The gas boom and other external shocks also had some impact on sectoral growth rates in the second half of the 1990s. When studying the Bolivian national accounts, one will find that the gas boom after 1996 appears to have triggered a tremendous construction boom. Yet, according to personal correspondence with INE, these figures reflect the construction of the gas pipeline to Brazil with the bulk of pipeline-related construction works entering the national accounts in 1998. When pipeline construction is deducted, there are still signs of a temporary, yet less pronounced increase in construction activities in the late 1990s (Appendix 1). As Figure 4 indicates, overall sectoral change in the 1990s has been modest; there are, however, some indications of Dutch disease type adjustments. The most important nontradable sector, the services sector, seems to have benefited from the gas boom, as it grew significantly stronger after 1996. Starting from a very low base, modern agriculture, one of the most export-oriented sectors, expanded very strongly in the 1990s, while traditional agriculture experienced the lowest growth rates, its importance therefore declining. The main factor behind the drop in modern agriculture's share after 1997 is arguably not the gas boom and the associated real appreciation, but rather the 1997/98 El Niño, which caused planted soybean areas to contract. , 1992-1997-2001 As regards changes in employment, in particular shifts between formal and informal employment, there is strong evidence of increasing informality in the late 1990s in Bolivia.
Spatz (2004) Increased spending on social security left little room for raising expenditure targeted at the poorer parts of the population. Nevertheless, pro-poor expenditure in basic social services, defined as expenditure in primary and secondary education, primary health care, and the Bonosol 3 payment, increased from 9.1 (27) to 12.4 (33) percent of GDP (total public expenditure) between 1995 and 2002. It should however be taken into account that about half of Bolivia's basic social expenditure is funded by donors and official loans. Studying the effectiveness of these expenditure shifts goes beyond the scope of this paper.
Yet, the increasing share of pension payments certainly represents the major public expenditure shift that can be observed during the period under investigation. It may be seen as a consequence of bad fiscal management and a badly implemented reform. We are however inclined to interpret this expenditure shift as being related to the expectation of the windfall profits from gas exports and hence as a way to transfer resource rents to the populationalthough this interpretation is of course open to debate.
III. Assessing the Impact of the Gas Shock
Having established that resource shocks, and in particular the gas boom, were associated with major adjustments in the Bolivian economy, we now turn to a counterfactual analysis in which we examine the isolated impact of the gas boom.
The Modelling Framework
In our counterfactual analysis, we combine a CGE model with a microsimulation model, connecting the two through several link variables.
i. The CGE model
The CGE model provides a standard recursive-dynamic, trade-focused representation of the national economy. 4 However, to make it applicable for the analysis of the gas boom, the model differs from the typical specification in two important respects: first, production is split up into formal and informal activities. Such a distinction enables us to examine one possible channel through which the gas boom and the associated real appreciation might have had a negative distributional impact, namely by forcing workers to switch from more productive formal activities to less productive informal activities. This mechanism is similar in spirit to those assumed in much of the literature on the resource curse. Sachs and Warner (1995) , for example, argue that resource booms tend to be detrimental to economic growth as Dutch disease effects lead to a contraction of sectors exhibiting positive externalities. Second, exploration and pipeline construction are considered as separate investment demand categories in order to model the huge investment outlays that preceded the expansion of the gas sector.
On the production side, the model differentiates between activities and commodities, thus allowing for the same commodity to be produced by one or more sectors, and for the same sector to produce one or more commodities. To take just one example, the modern agricultural sector does not only grow cash crops such as soybeans, but is also engaged in livestock farming. Sectoral output results from combining intermediate goods and six different primary factors (skilled labour, unskilled labour, formal capital, informal capital, land, and a sector-specific resource in the case of oil and gas) in a nested CES structure.
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International trade is specified along conventional lines, with import demand being derived from a CES aggregation function of domestic and imported goods, and export supply from a Constant Elasticity of Transformation (CET) function of domestically sold and exported goods. Export demand is infinitely elastic, i.e., the small-country assumption holds.
The disaggregation of production, which is based on a Social Accounting Matrix (SAM) for 2001, reveals structural differences between formal and informal operations, even though they are not as clear-cut as theoretical models tend to suggest (Table 1) . Regarding trade orientation, the sectors with the highest trade shares are all formal, but since several other formal sectors produce pure non-traded goods, we can only tentatively hypothesize that the gas boom has led to an informalisation of the economy via Dutch disease effects. A more pronounced pattern emerges with respect to the composition of factor income. It turns out that all informal activities make intensive use of unskilled labour, whereas capital intensity is high in most formal activities. The sectoral composition of value added reflects certain assumptions about how factor markets operate. We distinguish two categories of capital that are specific to formal and informal activities, respectively. Formal (informal) capital is partially mobile within the formal (informal) economy, which is modelled by means of CET functions. By contrast, our specification does not allow land to be shifted between modern and traditional agriculture given that the two activities are regionally separated. 6 The natural resource is sector-specific; its supply is a positive function of the resource price relative to the economy-wide price level.
The market for unskilled labour is segmented between rural and urban areas, where modern agriculture is considered part of the urban economy, as it resembles other (formal) urban activities in using wage labour and capital rather than relying on self-employment.
The two segments are linked through rural-urban migration. Along the lines of the HarrisTodaro model, the decision to migrate depends on wage differentials. Skilled labour is assumed to be fully mobile across production sectors. Market clearing is achieved via wage adjustments, but the intersectoral wage differentials observed in the base period are assumed to persist. These differentials point to systematically lower labour productivity in informal sectors. Unskilled workers, for example, receive only slightly more than half the average wage in the informal construction sector, while they are almost paid the average wage in the formal sector (Table 2 ). The factor income generated in the production process is distributed to four different household groups -poor and rich urban households as well as poor and rich rural households -according to fixed coefficients derived from the SAM. Moreover, households receive transfers in fixed proportions to government expenditures and remittances from abroad that are fixed in foreign currency. They use their gross income to pay taxes, to save and to consume. The allocation of consumption expenditures on different goods is modelled employing a Linear Expenditure System (LES). The sectoral allocation of government and the non-gas component of investment demand are both governed by fixed coefficients, whereas investment demand for exploration and pipeline construction is exogenously given.
Despite the exogeneity of gas-related investment, the model is savings-driven, i.e., non-gas investment adjusts so as to bring about the necessary ex-post identity of savings and investment. The balance of payments equilibrium is determined by the equality of exogenous foreign savings to the value of the current account. With fixed world prices, the real exchange rate serves as the equilibrating variable. In the macro closure for the government, the budget deficit is allowed to adjust in order to achieve a predetermined level of real government expenditures at a fixed household income tax schedule.
A simple recursive-dynamic framework allows us to implement the gas boom as a sequence of shocks (see below) and to trace over time the changes in economic structure caused by the boom. There are four elements driving model dynamics -exogenous labour growth, investment-driven capital accumulation, exogenous growth of natural resources in the gas sector, and exogenous productivity growth. Several other exogenous variables require updating to arrive at a realistic baseline scenario. Government expenditures and transfers, for example, are assumed to grow at the same rate as GDP.
Finally, the CGE model is linked to the microsimulation model. We assume that the link is sequential, i.e., the CGE model is solved first and certain target values are passed to the microsimulation that is "forced" to reproduce the aggregate changes in these targets. In line with our focus on skilled vs. unskilled labour and formal vs. informal employment, the following link variables are used: (1) the formal share of unskilled workers, (2) the formal share of skilled workers, (3) mean wages for skilled workers, (4) mean wages for unskilled workers, and (5) mean informal profits. 7 While the first four link variables have a straightforward interpretation, the fifth is based on the concept of mixed income received by self-employed workers. Accordingly, informal profits are calculated as the sum of skilled and unskilled labour income as well as informal capital income.
Before we discuss the specification of the microsimulation model, it should be stressed that the CGE and the microsimulation model should not be seen as a consistent macro-micro modelling framework. Rather, the idea of combining these two types of simulation models in a sequential fashion is to get "the best of the two modelling worlds". The CGE model is a useful tool to examine the transmission channels of the resource boom. It provides a consistent modelling framework based on an empirical representation of the Bolivian economy and yields a numerical counterfactual approximation of the shocks' labour market
impacts. Yet, in order to assess the ultimate poverty and distributional consequences of the shocks, the microsimulation is a much more suitable tool. It takes into account household heterogeneity in terms of factor endowments at a much more detailed level and models occupational choices and corresponding earnings changes at the individual level. Sequentially combining these models typically implies the imposition of a number of ad-hoc assumptions that may not be satisfying from a theoretical perspective.
ii. The microsimulation model
The microsimulation model is based on an income generation model that is estimated on household survey data. 8 We use the Encuesta Continua de Hogares from 2001. The following estimations are based on all individuals employed outside traditional agriculture, as our focus is on changes in formal vs. informal employment. In contrast to the CGE model, the microsimulation hence assumes that smallholders remain in their occupation.
The two basic components this income generation model are a model of occupational choices that represents the "choice" between formal and informal employment 9 as well as earnings functions that correspond to the respective sector of employment. If individuals happen to be in (or switch to) the formal sector they are assumed to earn a wage, whereas individuals in the informal sector are assumed to be (or become) part of a household enterprise and contribute to the profits earned by this enterprise. Table 3 provides an overview of the equations of the income generation model, the econometric models, the sub-samples and lists of the explanatory variables. We limit the discussion of the specification to innovative and interesting features. As estimation results correspond to expectations, we do not further comment them here, but report the detailed results in the Appendices 2 and 3.
The choice between informal and formal activities is estimated separately for household heads, spouses, and other household members using a logit model. The equations of the choice model are interrelated through the head's wage (and hence her choice) entering the occupational choice model of spouses and other household members. We hence assume a sequential choice with the household head deciding first.
In addition to the formal-informal segmentation, we assume segmentation according to skill levels, differentiating between unskilled and skilled labour (defined in terms of years of schooling). We therefore estimate separate wage equations for skilled and the unskilled labour employed in the formal sector using OLS. The set of explanatory variables (reported in Table   3 ) is standard. The individuals in the informal sector are assumed to pool resources and work effort in a household enterprise, for which we estimate a profit function. The numbers of informal unskilled as well as informal skilled individuals enter as separate explanatory variables. As the number of household members working in the enterprise is very likely to depend on the prospective profits to be earned in informal activities, we are likely to have an 8 The income generation model is based on a model first proposed by Alatas and Bourguignon (2005) to decompose inequality and poverty changes between two household surveys. See Bourguignon, Ferreira, and Lustig (2005) for a selection of country studies using this type of decomposition technique. It has also been used in a macro-micro simulation framework by Robilliard et al. (2001) and Bussolo and Lay (2005) . 9 Employment is assumed to be informal if the individual is self-employed/non-remunerated household member and/or works in an enterprise with less than 5 employees.
endogeneity problem here. We therefore instrument the number of unskilled as well as skilled household enterprise members. As instruments we use the total number of (informal and formal) household members (unskilled or skilled, respectively, that we additionally differentiate by gender and age) interacted with the share of formal employment of the province of residence. These estimated relationships form the basis of the microsimulation. The microsimulation is shocked using changes in the five link variables that are passed on from the CGE analysis. To gain an understanding of how the microsimulation works it is useful to think of the set of equations summarized in Table 3 as a system of equations.
Let employment be the sum of and , the number of unskilled and skilled labour, respectively. is given by the sum of heads, spouses, and other household members that derive a higher "utility" from being employed in the formal than from being employed in the (1)
We have the same set of equations for skilled labour (2). The mean unskilled wage is the wage of all unskilled workers in the formal sector divided by the number of unskilled formal workers. 
where the profit in household hh will only be greater than 0 if at least one member is employed in the informal sector.
Remember also that the number of (skilled and unskilled) household enterprise members enters the profit function. 
The above equations describe the initial distribution of labour income (with the exception of traditional agriculture). As mentioned above, the microsimulation is "forced" to reproduce the changes in the aggregates given by the CGE model. This is achieved by varying the constants in the above system of equations such that the household income generation model just reproduces the target values. Increasing e.g. the constant c leads some heads to switch from informal to formal activities. When individuals switch from informal to formal activities, they are assigned a simulated wage residual, as we do not have an observed unexplained wage u for her. The same holds if an individual becomes the first household member active in the informal sector (not if she joins an existing enterprise). The above income generation model represents only part of the income households receive. It focuses on income generation in non-agricultural sectors and translates changes in labour incomes and the formal-informal composition of employment into poverty and distributional changes. Other income sources include income from traditional agricultural activities (including home-consumed production) and all kinds of transfer incomes from remittances to public transfers. Agricultural incomes of smallholders from the household survey will be scaled up using a weighted real factor price index for traditional agriculture (real factor prices for land and unskilled labour are weighted with the share in value added of the sector).
Changes in public transfers and changes in other income sources will not be taken into account in our counterfactual microsimulation of the gas boom. Public transfers will also grow or decrease in accordance with the CGE model. It should however be borne in mind that these income sources and changes therein do not affect individual behaviour (at least in our model).
Results

i. Stylized Simulations for Link Variables
While in the gas shock simulations presented below all link variables change simultaneously, the importance of specific labour market link variables for poverty and inequality can be seen more clearly if they are considered in isolation. Consequently, we performed stylized simulations for each link variable, the results of which are reported in Table 4 . Since the 10 To adjust to the targets, we need to vary the constants in the occupational choice equations differently for unskilled and skilled labour, respectively. This implies that we fix the (absolute) differences between the occupational choice model constants for heads, spouses, and others for both unskilled and skilled labour. If one thinks of this problem in terms of solving the system of equations to reach the new target values, this means that the occupational constants (i.e. for heads, spouses, and others) for each skilled segment are augmented by the same amount. We now have 5 variables (2 "vectors" of constants of the choice models and 3 wage/profit constants) and 5 equations. The system is solved using a Newton-Raphson algorithm. mechanics of the income generation model can be better understood when looking at the urban population only, we restrict the results to this group. It turns out that, at constant factor prices, a lower formal employment share (by 5 percentage points) leads to a significant rise in urban poverty. The effect is markedly stronger for skilled workers. Yet, urban mean per capita income declines by 2.93 percent when informality increases among unskilled labour, much more strongly than the 1.76 percent decline recorded for skilled labour. This seemingly paradox result can be explained by looking at the distributional shifts. Whereas increasing informality is equalizing for unskilled labour, as indicated by the decrease in the Theil-Index, it is inequality increasing for skilled labour. This rise in inequality reinforces the negative poverty effect of declining incomes for skilled workers.
A more detailed analysis of the distributional impact that looks at the entire distribution rather than aggregate indicators reveals striking results (see Appendices 4 and 5): for both unskilled and skilled labour, the very poor are affected most by increasing informality. These results can be rationalized by looking at who moves into informality as well as the size of the income loss for movers relative to both their initial income and the income losses incurred by other individuals. The size of the income loss depends on individual characteristics (as the returns to these characteristics differ between formal and informal activities) and on whether an individual joins an already existing household enterprise or establishes a new one. From the estimation that underlies the microsimulation we know that less educated younger (and hence poorer) individuals tend to move into informality first. As regards the size of the income losses, the estimation results for wages and profit functions indicate that the income loss of moving into informality is higher for more educated individuals, at least in absolute terms, when they move into an existing household enterprise. Since the constant in the wage function for skilled labour is lower than the constant in the informal profit function, it may also happen that establishing an informal enterprise increases earnings for a skilled individual conditional of course on other individual characteristics. For an unskilled individual, by contrast, moving into informality will always imply an income loss, which explains the overall decrease of per capita incomes. It is the combination of these effects that explains the poverty and distributional outcomes. That overall income losses for unskilled labour are higher than for skilled labour can hence be explained by two factors. First, unskilled labour always loses when moving into informality.
In addition, they are more likely to move into an existing enterprise instead of establishing a new one. For both the unskilled and skilled workforce, the move of less educated (and hence poor) individuals explains the strong negative income growth in the lower parts of the income distribution, as the incurred losses are relatively large compared to initial income. A similar reasoning explains why unskilled workers from middle-income classes do not suffer significant income losses. Fewer formal workers lose their jobs and if they do their relative income loss is not too high. Yet, higher educational endowments are associated with higher income losses, which is why the growth incidence curve is downward sloping for higher incomes. This effect seems to overcompensate the general effect that the relative importance of income losses decreases with higher incomes and explains the overall "positive" distributional impact among unskilled workers.
The negative distributional shift when informality increases among skilled workers is not only due to the strong losses of the poor. The very rich do not seem to be affected at all or even experience slightly positive income gains. This is mainly due to the very low incidence of informal work among high-skilled workers. In addition, these individuals are likely to set up a new household enterprise instead of moving into an existing one. 63.3 5 % point decline in formal share unskilled 0.7 0.5 -1.2 5% point decline in formal share skilled 1.7 0.9 1.2 10 % increase in unskilled wages -0.9 -0.7 -1.1 10 % increase in skilled wages -0.7 -0.4 2.4 10 % increase in informal profits -1.6 -1.1 -1.3
The poverty and distributional effects of increases in different types of labour incomes are in line with expectations. An increase in unskilled wages decreases poverty and improves the distribution of income. Maybe somewhat less obvious is the relatively strong reduction in the headcount index associated with an increase in skilled wages. Yet, the impact on P1 is much less pronounced, indicating that the "skilled poor" are close to the poverty line, and the overall income distribution worsens quite substantially compared to the distributional improvements that can be reached e.g. by an increase in unskilled wages. Increases in informal profits turn out to reduce poverty most effectively.
ii. Gas Shock Simulations
We now turn to a counterfactual analysis of the gas shock. We use the CGE model in sector is assumed to fall back to the pre-shock level. The upfront investment is assumed to induce a positive supply shock from 2004 onwards, which is modelled by quadrupling oil and gas reserves, i.e. the specific factor used in oil and gas production. The second scenario combines the first scenario with a progressive reallocation of parts of public revenues to households, as observed in the household surveys. More specifically, it is assumed that real government transfers to poor rural, poor urban, and all rich households increase by 100%, 50% and 10% (and again by 50%, 25%, and 5%), respectively, from year 2000 (from year 2004) onwards. This scenario takes into account the mainly transfer-induced rise in public deficits that occurred before the government received higher revenues from oil and gas extraction.
Benchmark: In the benchmark simulation, real GDP growth is exogenously fixed and assumed to increase by four percent annually over the period 1997-2005, while the growth rate of labour productivity is calibrated for each year so as to keep growth constant over time.
This implies steadily increasing labour productivity growth over the whole simulation period.
Yet, the assumption that productivity growth is only labour-augmenting is not appropriate for Bolivia. We therefore assumed a balanced growth path along which capital per worker, measured in efficiency units, remains constant over time, and calibrated the growth rate of capital productivity, which keeps the capital-labour ratio constant. At given labour growth rates and given capital accumulation rates, this implies increasing capital productivity at a decreasing rate over the total simulation period.
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The most striking distributional result of the benchmark simulation is the lack of significant progress with regard to poverty reduction despite relatively high growth rates of 4 percent. This is largely the result of rural-urban migration, which increases the supply of urban unskilled labour, thereby depressing wages and increasing the urban wage differential between skilled and unskilled workers (Appendix 6). As a result, urban inequality rises while poverty stays constant (Table 6 ). At the same time, migration reduces the supply of unskilled labour in rural areas and thereby increases wages. Together with increasing land rental rates, higher wages for rural unskilled workers raise the mixed income earned in agriculture (agricultural profits in Appendix 6) and slightly reduce poverty and income inequality in rural areas (Table 6) . At the national level, both the incidence of poverty (P0) and the poverty gap (P1) hardly change over the period under consideration.
Gas Shock: Given that our CGE model does not allow for multiplier effects, it is not surprising that the foreign direct investment in gas exploration and the construction of pipelines is shown to have only a minor impact on aggregate economic activity. In the short run, the demand shock causes a steep rise in the price level, which even lowers real GDP, while over the medium run production capacity is slightly higher than in the base run.
The model can much more reliably capture the structural effects of the demand shock, which turn out to be sizeable. The investment boom induces a massive expansion of exploration, which clearly dominates the much less pronounced expansion of formal (pipeline) construction. As a result, the factors attracted into gas-related activities are predominantly formal capital and to a lesser extent skilled labour, exerting upward pressure on formal profits and skilled wages. Two secondary effects refine this picture. First, booming gas-related investment crowds out other investment goods, which are predominantly produced by heavy manufacturing as well as the formal and informal construction sectors. Since these sectors make intensive use of unskilled labour, the respective wage is driven down. The contraction of informal construction lowers the informalisation of the economy. Second, the rise in the price level, which at a fixed exchange rate implies a real appreciation of about six percent in the medium run, leads to a contraction of trade-oriented sectors such as heavy manufacturing, mining, and modern agriculture, whereas sectors with low trade shares and non-traded sectors tend to expand. Among the gaining sectors with low trade-orientation, informal activities figure prominently. They realize higher returns on capital and demand additional labour, in particular unskilled workers, thus raising the informal share of unskilled labour.
As shown in Table 5 , the investment boom is on balance associated with higher (lower) wages for skilled (unskilled) labour, higher profits in the informal urban sectors, and an increasing informalisation of urban production activities, as indicated by lower formal unskilled employment shares compared to the base run. The net result of the informalisation and the rise in the wage gap on the one hand, and increasing informal profits on the other, is that aggregate indicators of urban poverty and inequality hardly change (Table 6 ). In addition, lower wages for unskilled workers reduce incentives to migrate from traditional agriculture.
Nevertheless, agricultural per-capita income increases slightly as a result of higher prices for agricultural products, which in turn leads to a slight reduction of rural poverty.
In contrast to the investment demand shock, the subsequent extraction of gas from new fields significantly raises real GDP growth to almost 6 percent on average over the period [2004] [2005] . A rise in the aggregate price level and a significant improvement of the government budget balance through additional revenues are among the other important macroeconomic consequences of the gas shock.
The growth process induced by the gas shock is not sectorally balanced. The primary and most pronounced effect is the expansion of oil&gas and oil refining, the main downstream activity. This drives up formal capital prices and skilled wages, as these sectors are capital and skilled labour intensive. Furthermore, the reduction of the budget deficit is reflected in markedly higher investment demand by the government, which benefits both formal and informal construction. Making intensive use of unskilled labour, the construction sectors drive up unskilled wages via increased labour demand. Since the informal construction sector is particularly unskilled-labour intensive, the share of unskilled workers employed in the informal sector goes up as a result of the construction boom. As in the case of the investment shock, a real appreciation leads to a reallocation of resources from more to less trade-oriented sectors including most informal activities, which reinforces the informalisation of the economy. The effect is, however, quantitatively less important than that running via investment in construction.
Increased demand for skilled labour causes the unskilled-skilled wage gap to increase. Again, this increase as well as the rising importance of lower-paid informal employment is compensated by increases in informal profits so that overall urban inequality remains largely unchanged. The significant poverty reduction appears to be entirely growth-induced. It is larger in urban areas, which directly benefit from higher gas extraction while rural areas benefit only indirectly from higher demand for agricultural products and a moderate rise in rural-urban migration. Even though the Theil index barely changes within regions, the national income distribution slightly worsens as the income gains are biased towards urban households.
Gas Shock plus Transfers:
A redistribution of royalties and other revenues from the public to private households has essentially two primary effects: First, it increases disposable household income, consumption and household savings. Second, it increases current public expenditures and therefore reduces public savings. This will have secondary effects on overall income, inequality and poverty. At given household marginal propensities to consume and to save, the redistribution leads to a restructuring of final demand from investment demand towards private consumption. This is because the fall in government investment is not fully offset by a rise in private investment. Lower investment means lower capital accumulation and thus lower growth compared to the isolated gas shock scenario. The reduction of investment demand is mostly felt in the construction sector, both formal and informal, which reduces its production by 15 and 20 percent in 2001 and 2005, respectively. By the same reasoning as above, this leads to lower wages for unskilled labour and a lower informal share among unskilled workers. The latter effect is, however, offset by increased labour demand from all other informal sectors, which expand their production in response to a real appreciation caused by the expansionary government policy.
Regarding the overall changes in link variables, the redistribution policy hence appears to reinforce the results of the gas shock, with a widening wage gap, a slight increase in informal employment shares, as well as a further upturn in informal and agricultural profits. The corresponding poverty and distributional results, given in Table 6 , only reflect the changes in labour market linkage variables. The direct effects of the transfers on disposable household income will be analysed separately below. 13 In urban areas, both the headcount ratio and the poverty gap fall somewhat in 2001, driven by the rise in informal profits that offsets the negative effects of further increased informality and falling unskilled wages. Owing to considerably higher profits in traditional agriculture that result from increasing demand for agricultural products distributional and poverty results look more favourable for rural areas. To investigate the possible primary poverty and distributional impact of transfers, we conducted a stylised microsimulation in which we raised the transfers as observed in the household survey (PAYG pensions, Bonosol payments, and other social transfers) by 10 percent. If all households were covered by the transfer scheme, per capita incomes increase by one percent, which can also be interpreted as the cost of increasing the transfers (Table 7) .
Strikingly, while P0 indicates some transfer-induced poverty reduction, P1 does not. This can easily be explained when looking at the growth incidence curve given in Appendix 7, which points to a very bad targeting, where the poorest 50 percent of the population benefit less than proportionately. The shape of the growth incidence curve also illustrates that aggregate indicators of inequality, such as the Theil index that barely changes in this experiment, may well be misleading. 
IV. Concluding Remarks
In this paper, we combined a computable general equilibrium model with a microsimulation model to analyze numerically the short to medium-run impact of Bolivia's booming gas sector on poverty and income distribution. This approach accounts for major transmission mechanisms through which the gas boom affects the distribution of income. It captures microeconomic determinants of distributional such as the occupational choices between formal and informal employment and the corresponding changes in earnings at the individual level, as well as macroeconomic and sectoral determinants such as relative factor prices, ruralurban migration and informalisation of production and employment. By focusing on poverty and distributional effects and by distinguishing informal and formal activities, our analysis adds a new perspective to the existing literature, which largely consists of macroeconomic studies based on the dichotomy between tradable and non-tradable sectors.
Our simulation results suggest that the gas boom and the expansion of public transfers have both unequalising and equalising distributional impacts that tend to offset each other. As net distributional change is limited, growth generated by the boom also reduces poverty and the boom hence does not completely bypass the poorer parts of the Bolivian population. Poverty reduction with little distributional change can be observed despite increasing informality.
Using stylised microsimulation experiments, we illustrate that lower formal employment can lead to a significant rise in urban poverty and that the very poor are affected most by increasing informality. Yet, considerable overall increases in informal profits compensate this possible negative impact. Informalisation and increasing informal profits during the investment boom mainly result from contractions of investment good and trade-oriented sectors (cost-push). When gas exports pick up, demand for informally produced non-tradables increases (demand-pull) and formal sectors are hurt by real appreciation. The positive distributional impact of increased informal profits also masks the inequality-increasing impact of the widening of the unskilled-skilled wage gap that is particularly strong during the initial investment boom. Regarding the increase in public transfers, the government's redistribution policy is largely ineffective in reducing poverty as it is poorly targeted. The indirect effects of increased public transfers tend to reinforce the informalisation process and hence the distributional and poverty impacts of the gas boom. In addition, the resulting lower investment leads to lower overall economic growth.
If the increases in informal profits compensate the potentially negative poverty effects of increased informality -why should we worry about the resource-boom induced structural change? Before we shortly discuss this crucial question, we should stress that this paper examines the reallocation processes induced by a gas boom and their distributional consequences in a time horizon of approximately one decade. Yet, only in a longer time horizon, sectoral externalities might come into effect, which render this reallocation towards informal activities worrisome. We think there are good reasons to believe that a sectoral pattern of change characterised by specialisation into certain non-tradables and informalisation can permanently damage a country's development prospects, although concrete empirical evidence is scarce. Manufacturing sectors that contract considerably in the Bolivian case are widely viewed as exhibiting important learning by doing effects. In addition, informal sectors may exhibit important negative externalities, as employment is often unstable and employees are typically not covered by any kind of social insurance. Such precarious employment is likely to have negative effects on human capital accumulation. If this pessimism about the sectoral change is valid, Bolivia's natural gas abundance may be seen as a curse rather than a blessing. 14 However, the relationship between resource abundance and low economic growth and little poverty reduction is not a law; rather, it presents a challenge to find appropriate policies to avoid the pitfalls. While designing a coherent strategy towards this end is extremely difficult, redistribution of resource rents could make a dent in poverty -if targeted effectively.
VI. Appendices
Appendix 1 Source: Authors' calculations.
